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HE O EAE FE A DR P AR I B R TR AR, T e bRk S F R 75 me. IR 30 d,
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M, FRANMNEAMSFERHIEEF R EH 198, 200 f1 197 MR JE. B, fEdb

TR SE DR T B BUPAAR A AR 0T I LA T P SO A i N R A A, RETT SR e AR KR RE

KU JbRURE; ERKVERE WEWR; TERANE; &%ER

K5 S816  SCERkARIRAD: A SR

BEE RO R 23020, FRB R A TR R IR AE ], SoRPTE R B AN
RER B2 R 2t AL W REW BCE W TE B REP T, A s BT, (edtsh e e, $Rmdk
FEVERE, WA T T ESE. RN (Lactobacillus casei) J& i 42 1 1 —Fl, Al (17
BRI S H ) (2013) oV HAEFRES I P InfE - BARIRAEN, sRERH SRR £5%
FESEBIZE AR ORI R a2~ I LT B O TR e A A 2t 1 AP JE I TE 95
FR ERAMRE, fm TAFEREEMAMGE, FBIRTRE. AR AW MHE R
W B RFISZ W, Zhang SEMWZAFHE (KR BRSS! B IR LT B 1) 77 B 2 3K 5 A
HEmRAME, PRI EAFE T mN B ERE ACE 48808 Chaol fHEU R, HREF:
I Looft S5 BIE AT 4% IR vh VR It A2 3R 5 A I 9 8 9 vh AR T 1 1] AR N 25 B 1
Ime SR, Poole FFEMEAFSE (AbxK) WAREINHRGRE (50 gt) &&HRGRA KIFHE
FEAT R AL A 2 REPE A AR B E AR Li S UMEAFSE Ok Bk I 36 Bk i B AT
AE, RIUE e AR AR ST T AR E R X T AR B iIE (G W= R,
HRNAEEL H SCREEL B I RU ORI A U T AT 1A B R R R S A LA
REM. B9, ARSI IE G ERHEIL, AIUANE] SR B FERE B R
I R EAAE RO TE R, [E A A LR A3 R R i1 (D BRE R AR 45 .
AU R R R E | E 5 F R A, 558G M T KB KA RS,
HA W TR AR ) 5m 855 m, Bk 32 2 R IGR . H AT, AR B
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BT, R AR BB IR 2 IR B AN St e e SR IR BOR ST 4%

1 MRS A

1.1 w5k

T AT S B TR G %02.0x10'° CFU/g),  FAL S T AR MORL B 3 4 e B 1
FORTH % o 15%4 55 2= TR H £ £ H .
12 R§sh o A 51 IR B

AL B R E M B 1203k, (35+2) HiE¢. KEN (7.53+0.21) kg, BEHL K3
H, Huln A, TRIAEAMESERA, FHE (ERD, BF210%k. XA R
PR A ORI TS FLAF T AN S8 30 TR FUAT B8 2 1R 56 % e W E S Atk P bR o
I AT BRI TR R R R R, T e AR A 0 T TR 4.0%10° CFUs % 3 AL
U MR FERADR t NI B B R TR kL, T e R & S RTS5 mg. FER TR
R SCE TR WAL,

WIGTE R — R B EHAT, SATRRRETE, HERE, HETK, &WNIEE 24~
28 °C, HHXFMREE 60%~70%, FERFEFRE I N g —HARMIERT, W% 30d.

R AR E TR O 2R

Table 1 Composition and nutrient levels of the basal diet (air-dry basis) %
WiH Items # & Content

J5UE} Ingredients

E°K Com 66.0
#%k Wheat bran 4.0
M Soybean meal 23.0
fa}; Fish meal 3.0
il Premix!’ 4.0
At Total 100.0
# 77K F Nutrient levels?’

/K43 Moisture 11.20



HEHR CP 18.63
5 Ca 0.68
MW TP 0.48

VIR R AR T T AR fE The premix provides the following per kilogram of the diet: Cu
(as copper sulfate) 150 mg, Fe (as ferrous sulfate) 150 mg, Zn (as zinc sulfate) 140 mg, Mn (as
manganese sulfate) 40 mg, Se (as sodium selenite) 0.3 mg, I (as potassium iodide) 0.6 mg, VA
8000IU, VD;1800IU, VE241IU, VK1.8mg, VB; 1.6 mg, VB2 6 mg, VBs3.2mg, VB2
0.05 mg, “E¥JZE biotin 0.3 mg, ME folic acid 1.2 mg, MHEE nicotinic acid 24 mg, ZM&
pantothenic acid 18 mg, FALNEHH choline chloride 0.4 g, L-#iZ R L-lysine salt 2.2 g, 77

R 5 threonine salt 0.4 g, %5 calcium 5 g, & total phosphorus 3 g.

L)

YoKkAy. HEAR . AR NSIIE . Moisture, CP, Ca and TP are measured values.
1.3 AERPEREIE

3 IAER S TF AR AR50 45 AR S JERR B, Il B RIEAEVRRAE O, tH P H G E
BIHREENREL.
1.4 FEFEREE 5 DNA $2IL. 168 rRNA T

FERERAE: RIS 28 RIGRIAMEAT RAEFERE, TARAE 2 hty, BRALREE 8 L,

SOREEIEHE 24 Sty HITCRABHNALREERE BIRFR I R SE, RCREFTEEFEAE 20 ¢ TE

B

WET, BTk, WRLRE, (RAFT-80 °CUkA, M THELE DNA.

& DNA $2H: Fl TIANamp 44 DNA Kit [ RIRAEH (dbED) HIRAF ] $#2E
FEFAT P AN S DNA, HARRBUE RS BB G U B3t T . H DNA 24k 17 & S i
(¥l DNA #EAT2EAL, RT3 60 BETE AN BRI I B vk b 36 ) DNA VR EERIAERE, SR )5
B T-20 "CURFEORAT & -

16S rRNA FEK 438 S 7. DAL 5T BB AE OR & M BU#E 258 41 5 /2. DNA AR, PCR ¥



AN 16S IRNA ) V3~V4 X, § K R: 4 uL 1 5xFastPfu Buffer, 2 pL f#J 2.5 mmol/L

dNTPs, % 0.8 pL fJ_L. FI#51%0(5 pmol/L), 0.4 uL ff] FastPfu DNA Polymerase, 10 ng [
DNA HiHR, feZARFR 20 pl. RAH4HE @ H 5147: 338F (5'-ACTCCTACGGGAGGCAGCA-3")
H1 806R (5'-GGACTACHVGGGTWTCTAAT-3"). PCR M k1 N: 95 °CAEME: 3 min; 95 °C
30s, 55°C30s, 72°C45s, HHAT 27 MEH; 72°C, L 10 min, AR I AEE, ¥
[F] —FEA ) PCR PR G 5 F 2%3 i H e I A ok A I, 3 F AxyPrep DNA 1% [R50 i 77
% (Axygen A7) YIREEINE PCR P24, Tris-HCI Vet 2%357 6 Bl S iz B bk kG i o 23 [ HL Ik
Vb EmaER, ¥ PCR F=¥)# ] QuantiFluor™-ST W 756 Yt B R4t (Promega A #)) #E

TR E 2, ZJEHIBEAFEARNIN T 2K, HATHM EEI RS 7E Hlumina Miseq “F

H 14T PE250 W .

1.5 HEorth

L UE read JEHR BT EAA 20 LR HIBRAE, ¥E 50 bp T K, WA H A RF 5 E AR
F 20, W& DIF U682 S5 im b2 , i 842 5 50 bp DL R I reads; #4fE PE reads 2 [8] [ overlap
KER, FHxT reads P (merge) i— %3741, /I overlap K 10 bps HHEF 41K overlap
X A VR BRORERTICEL R0 0.2, THRIEAFTE P ARYE 751 E P ) barcode A1 51 41X 73
FEs, FFEEERF S50, barcode FLVFHIESECECN 0, HOKFIMEECECN 2. I 97% LI
MAEEE RS (AZRFI)D FHT7RESFKBITT (OTU) RE, AREKLED ERREE,
23] OTU MR KT, ¥ E AL 5] map & OTU AREF41, iEH 5 OTU AR 7 HIHIAU
PETE 97% LA _EHIFF A1, AR OTU kg . Ny T2 OTU X B 73 2645 B, RH RDP
classifier DU 59206 97%AR MK 19 OTU AR P FIREAT 733440, FFAESAIKF St

FEAFEAR TR ALK -



WAL R B 45 R P A AR HE RN, Bl b3 5 70 Hr >k A SPSS 19.0 Geit#cfh
1] ANOVA F2/7 347 LR K J7 24347, KFH Duncan [RIEHH T2 EILE, LL P<0.05 1EN2%E
S S I R bR A o
2 R0
2.1 AERKMEREE N
HH# 2 A5, AEIb 5 RS O E B B AR o 7 0 I LA R RN & B R I R AR T 3
R R, 5XRAME, TRAFEAMNESERAMFHSEE S SRS T 12.71%
(P<0.05) F18.58% (P<0.05), BIE L/ HIFEAK T 7.34% (P<0.05) H14.52%(P>0.05). 5
SHERMAME, TEEFLAT AR P35 B3 H AR E EL A A Bk, (22 5 A R E(P>0.05).
F 2 TREFLA B AL R OR E B B A KM R IR
Table 2 Effects of Lactobacillus casei on growth performance of Beijing black pigs in

nursery stage

pagiHaEl FEE AT 4 eRRA
UiH Items ]
Control group Lactobacillus casei group Chlortetracycline group

Y] E Initial weight/kg 7.57+0.24 7.57+0.18 7.45+0.20

K# Final weight/kg 17.01+0.55° 18.21+0.44% 17.70+£0.47%
FHHEE ADG/g 314.67+11.95° 354.67+£10.58* 341.67+10.86°
F¥IHREE ADFl/g 557.60+40.58 581.66+46.42 578.56+50.23
KB F/G 1.7740.12¢ 1.64+0.20 1.69+0.11%

B AR R NS SRR 2 R (P<0.05).
In the same row, values with different small letter superscripts mean significant difference

(P<0.05).
22 JHIE RO
22.1 K OTU 4t

XHREAL. TR FLAT WA G 3 R AR EE IR, 24 1, P HMHTE LIRS T 1439917

R ET Y], HRAKEE N 634 742 973 bp, “PIJKEN 440.82 bp. XA, FESFAFFEA
6



& RN T FIE TN 467 327, 488 949 1 483 641, KE 5171124 206 235 445, 215 290
320 Fl1 213 217 208 bp.

IR 97% MM, XAEEB Y] (NS HFA)D #HT OTU KK, RELE P ERiRE
1k, BEIFTH 24 AN FFE OTU AR FFI 871 056, OTU % 14 390, XHHEZL. TEEFLIT B4l
& ZAFEREN OTU 2057k 4 782, 4920 14 688, I 1 750, X4l THE&FLAT
P ALR 6B R AL 1 OTU Hok 823, X HRLLAAT (19 OTU ¥k 5, W FLAT B 44 A5 11

OTU %N 29, &BRAMER OTU N 3.

C: XA L. TRIAMHEA: A: &FRHA. TEF.
C: control group; L: Lactobacillus casei group; A: chlortetracycline group. The same as

below.

B 1 3 ZHF5F OTU 4E R

Fig.1 The OTU Venn diagram of fecal samples among three groups
222 JEREEZ A
I 3 T, X HEAAL, B FLAT e AR 6 B 3 ALHERE 00 I 7 B i 2R AE 99.68%~99.72%
3 AFsAEF, WHIRALE) ACE F530M Chaol FEEURAR: THEFLAT 41 ACE 5. Chaol $5

HUF1 Shannon 850N 2 fe s B R 4LH Simpson 8405 =, Shannon FEEUHAK. JHITX} 3



HIEFEF ACE #6820, Chaol 8%, Shannon $& %A1 Simpson FEELLLEL, kI & FLAT 18 40

Ao P T R o A 2 Rk e T R A R R A

®3 O3 HIEFERERE DA TR A

Table 3 The microflora diversity indexes of fecal samples among three groups

FE R EZE UL
Coverage
Abundance indexes Diversity indexes
B
205 Groups ACE 1§ Shannon #§ Simpson $8& %
Coverage
# ACE Chaol 5% #{ Shannon  Simpson
index
index Chaol index index index
XFHEZL Control group 679.0 678.4 0.997 0 4.465 0.027
TR FLAF 4 Lactobacillus
690.4 691.1 0.9972 4.580 0.027
casei group
4% Z 4. Chlortetracycline
679.6 684.0 0.996 8 4316 0.036

group

223 JplEEREA K

FEMI KT b, BRSSO I 2 R 3. 3 ZL28FE P Rt 17 AT, Hh U
#1] (Bacteroidetes). JEBEH ] (Firmicutes). ZFZH ] (Proteobacteria) AU JE{A ]
(Spirochaetae) AMLHE T, EATMIAX FELE 99.02%~99.07%. 3 HIEFEH I
MO 2 5, Hoh S8 R AL B T I R 51.28%, JERERTT. AR 1] Fig
TEAR T T HIAE NS S FE 43 1R 44.94% 2.38%F01 0.43%; T LA B AL AN HRLZEL 7 10 355 o 1 4R 5
FREMIT, EATRFF T JERER ] AT B VR B T AR 2 5 23 5k 47.30% 0
47.30%- 47.89%F11 46.86%- 3.01%F1 3.89% 0.82%F1 1.02%. Fi4b, T E& AN B4 IA HE

W#ET] (Verrucomicrobia), FAHXT KN 0.0006 9%,
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Bacteroidetes: $L#F 1% [ 1; Firmicutes: /8B [ ]; Proteobacteria: 22 JE R [ 1; Spirochaetae:
PRBEMAR]; Others: HiAth.

B2 KRR E R A
Fig.2 Distribution of dominant flora at phylum level

Spirochastae
Proteobacteria
Tenericutes
Cyanobacteria
Actinobacteria

SHA-108
Firmicutes

Bacteroidetes
Synergistetes
Bacteria_unclassified

Elusimicrobia
Saccharibacteria
Lentisphaerae
Fibrobacteres
Fusobacteria
Chlamydias
Verrucomicrobia

0 0 0.06 1.63 51.28

Relative abundance of community (%)

Spirochaetae: HZJE/AK[]; Proteobacteria: AFJE W []; Tenericutes: EERH[];
Cyanobacteria: ¥ 2l % ; Actinobacteria: il 2k % | ]; Firmicutes: £ E£E# | ]; Bacteroidetes:
UFFEE]: Synergistetes: H.77 14| ]; Bacteria_unclassified: 773241 # ; Lentisphaerae:
FHRERTE B ]; Fibrobacteres: £F4EATER]; Fusobacteria: #RHFE [ ]; Chlamydiae:
AR T; Verrucomicrobia: HEMEE .


http://www.so.com/link?url=http%3A%2F%2Fdict.youdao.com%2Fsearch%3Fq%3DActinobacteria%26keyfrom%3Dhao360&q=actinobacteria&ts=1507603971&t=9570ca088fe702ff7f1842507624f20

K3 BEREAETTKE ER#E

Fig.3 Heatmap of microbiota at phylum level

TEJB YK b, TR R O LI 4 FNEE 5. 3 L3RR 3R 206 AN, R
TEE LT LA & 8 R ALFFED BS54 198, 200 A1 197 NEE, MXEE KT 1% E R
A 30/, BAEXEBETE 83.28%~86.02%. 3 HHFEFEH I HE BN FE AR, HFRH
KK B 9 (Prevotella_ 9) [WAHXTEBER &, N 27.90%, TEEFLAT B LRI BRZH POAHIE, 4>
9 19.87%120.27%; 4 %5 2 2H 3% 75 UK G B B NK3B31 B (Prevotellaceae NK3B31_group)
PR E B (5.12%) IR T F B AT A AL (700 7.31%H0 7.22%) . 534k, FEXT I
M, BEIKEJE (Streptococcus) AT FEF RIKEFL (Veillonellaceae_uncultured) FfJAH
XEEERE, 3N 5.31%M1 3.94%; &R RAY, ERREE (Megasphaera) FIFLIR
FrEJ& (Lactobacillus) PIAHX FREBE, 7051 6.47%M 3.16%; ETEAAFEAL, Ko
KEIMSEH A (Lachnospiraceae unclassified) FIREINEJE (Anaerovibrio) AN F

i RN 5.76%H 3.49%.
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80 — ' B Streptococcus O Ruminococcaceae UCG-014
- - - B Anaerovibrio B Christensenellaceas _R-7_group
_\"E," - - B Provotella_2 B Faecalibacterium
i ; ! - B EBactercidales_S24-7_group_norank H Phascolarctobactarium
o — — B Prevotella_t B Prewtelaceas_UCG-003
O g i :
e B0 - - o Pre?vohallacaaa_unculturad o Rprmnocmcacaaa_NKmm4_group
o B Veilonellaceas _uncultured O Dialister
E O Lactobacilus B [Eubacteriim]_coprostanoligenes_group
ru B Albprevotella & GR-WP23-58_norank
ﬁ B Ruminococcaceas_UCG-002 @ Mitsuckella
o 40 = D Rikenellaceas_RCY_gut_group O Others
_; B Prevotellaceae_unclassified
©
O
.
N I
0 -
G A L

Prevotella 9: %[ J& 9; Prevotellaceae NK3B31 group: 55 ik IR £} NK3B31 #f;
Megasphaera: ETIERE J&; Lachnospiraceae unclassified: A4S EIRNERE L Streptococcus:
BEERBE B s Anaerovibrio: REEINEJE; Prevotella 2: % IKHJE 2; Prevotella 1: HKHJE 1;
Prevotellaceae uncultured: 47357 H IR IKH £};  Veillonellaceae uncultured: ANAJ ;774
WRIREFL: Lactobacillus: FAT# J&: Alloprevotella: U 5 1K # & ;

Ruminococcaceae UCG-002: J& 5 B £} UCG-002; Prevotellaceae unclassified: 73283 5k
IR RL; Succinivibrio: BEFAFRYNE J&; Ruminococcaceae UCG-005: J8 B # £} UCG-005;
Selenomonas: LM JE; Prevotella 7: % [KH )& 7; Ruminococcaceae UCG-014: ¥ B
BB UCG-014; Phascolarctobacterium: Z5Hi B J&; Prevotellaceae UCG-003: 85 7K [CE
£} UCG-003; Ruminococcaceac NK4A214 group: J8 B W £} NK4A214 #; Dialister: /NR
M#JE; Mitsuokella: Y6 B JE; Others: A, & 5 [F The same as Fig.5.

Kl 4 JgK-F BRI AT

Fig.4 Distribution of dominant flora at genus level.
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K5 W E AT R

Fig.5 Heatmap of microbiota at genus level.
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2.2.4  FHAUE S B

HRER 3 HIRE 1K BRI 3Ar, 3 I rh BRSO N = A AN, W
K 6. SXMRAMTEFLAT AL, S5 RSP IATE TIA FE R, SRR 1A
AR R IR B, X R 5 1 I L AT 1 AL 0 S v T A L A A X = R e Bl

Similarity Taxonomic composition Taxon

B Bacteroidetes
L B Firmicutes
B3 Proteobacteria
W Others
“ IIIIIIIIIIIIIIIIIIIIIII
’ _ I

Bacteroidetes: AT J; Firmicutes: JSEEF | ]; Proteobacteria: 28/ J; Others: HiAtho

K6 AT ERRRALR I K

Fig.6 Microbiota community barplot with cluster tree at phylum level

3009w

3.1 TESFLAF R AL S DR A B B KPR BE R R

i 7E R RE MBI Sl E B BRI RE, SEI/MNBE S, SR R AR, e sERL A

EFRT R AR SR AR A . BRI AN, SRR S IR £ SRR SE PR BIE 5T 2 U I

TR RET B2 52 M W A 5 NI KB R, SINE R S IR s IR L E (v/iIC

18D, BYINVUZ R B KGR (PCNA) &8, B RUAE W AF s e (i e, sk

BRI X R R RS R, (et B R, S m W45 1 AR MR RE AN TARL R T 2%

o AR TEAE AL SRR TR A B BORDRR AR 23 s I T B SLAT B R AN e B 2K, AP T B FLAF i

MR B PR A E A RYERE, T REFLAT W ALK-T- 2 3 O IRAL 5 = 1 12.71%,

B U RRAR T 7.34%; &5 RAR-F 5 H IS LIRSS 1 8.58%, BIE LLRF(K 1 4.52%:

FRAILATF B 4 B A L, T L8 S I LUt A TS, (2 R 3% A 904
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R, ACnT AR R A B B R R o LA B R T AR R A TSP I,
HIEACH R, X5EMMBENSHE O MR ISR EA—, XHE
WFESE DR B B BORDRR P i S AN I LT B, ANE X AL S HERE A, 3 [ A R B s T
BB T 4eRFlipia e, 12 e dKttae.
3.2 FERFUFTE R AR RRAE R B W B iE R R

Bl i S SR K R A 2 R AR, TERE S 2 AEE A R R R,
16 RS AU S AV %, A B BRI, W TE A 1E S IR AR (R
HEBAEF 2 TN R T SR T B AL T R N B R L, 7ER
HEZ R HTILFE D, Coverage FRBUEME S, JUREA b P 5145 I HH OB Bk . ACE 4R 4L,
Chaol FR#UM! Shannon FEHUEELK, U IR+ 8 BEAI 2 FEIEBR ;. Simpson FREUEBOK,
VLIIREVE 2 REVERRAG . AR 7R o S 0 P AR o A B DR P B 24 MBS REEAT T
MR, PP 5 R AE 99.68%~99.72%, FHIRF 1 1439 917 Skt P 411 14 390 4> OTU,
P e BT 3 2 FEFEEAT LRI, WTHRZH . T BSFLAT 4R 85 = 4135 1 OTU Hh
823 1, TECFLFFH LA 1 OTU $ile 2 (294N, &H/RAMA K OTU Hfb (3.
X BEHEAT Z AR TR I, TSR 4 3SR ACE #6841, Chaol $5%(1 Shannon fi5 %
Pt TRk A RN 5 R A, SR T T AL AT 181 A R S TR A o AN 22 R 380 v T o) 2 A 4
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Abstract: This experiment was conducted to study the effects of Lactobacillus casei on growth
performance and intestinal microflora of Beijing black pigs in nursery stage. A total of 120
weaned piglets for Beijing black pigs with the age of (354+2) days and average body weight of
(7.53 £0.21) kg were randomly distributed into 3 groups with 4 replicates per group and 10 piglets
per replicate, comprising of control group, Lactobacillus casei group and chlortetracycline group.
The piglets in the control group were fed a basal diet (without Lactobacillus casei or
chlortetracycline), the piglets in the Lactobacillus casei group were fed the basal diet
supplemented with living bacteria freeze dry preparation of Lactobacillus casei, and the living
bacteria count was 4.0x10° CFU/kg diet, and the piglets in the chlortetracycline group were fed
the basal diet supplemented with chlortetracycline premix, and the chlortetracycline content was
75 mg/kg diet. The experiment lasted for 30 d. At the 28th day of the experiment, the fresh feces
were collected and used for sequencing of the V3—V4 hypervariable region of the 16S rRNA. The
results showed as follows: 1) compared with the control group, the average daily gain of
Lactobacillus casei group and chlortetracycline group was significantly increased by 12.71% (P<<
0.05) and 8.58% (P <<0.05), the feed/gain was decreased by 7.34% (P <<0.05) and 4.52% (P>
0.05), respectively. 2) Lactobacillus casei group increased the species richness and diversity of
microbiota, as indicated by the ACE index, Chaol index, Shannon index and Simpson index,
compared with the control group and the chlortetracycline group. 3) Seventeen phyla and 206
genera were contained by three groups of feces, and 198, 200 and 197 genera were found in the
control group, Lactobacillus casei group and chlortetracycline group, respectively. The results
indicate that Lactobacillus casei supplementation in the diet has beneficial effects on the
improvement of intestinal microflora structure and growth performance of Beijing black pigs in
nursery stage.

Key words: Beijing black pigs; growth performance; intestinal microbiota; Lactobacillus caseli;

chlortetracycline
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